Sensors & 
Actuators 


Lecture 7 


Sensing/ 
Measurement 


Process: 
Standards, Documentation, 
Errors, & Calibration 


Measurement Standards: 
Definitions 

* Measurement standards are those devices, 
artifacts, procedures, instruments, systems, 
protocols, or processes that are used to 
define (or to realize) measurement units 
and on which all lower echelon (less 
accurate) measurements depend. 

* Another definition of a standard is a unit of 


known quantity or dimension to which other 
measurement units can be compared. 


Pressure Term Relationships 


Pressure 


А 


— local Atmospheric Pressure. 
Gage UU 


/ 
/ 


Absolute Vacuum (Negative Gage) 


Atmospheric 


Absolute 


Conversion Table for 
Common Units of Pressure 


ква тт Нд millibar 3 Psi 

тат 101325 760000 101325 206795 146960 
таға 1000 750062 10.000 401475 0.145038 

1mm На 0.133322 1000 133322 9536257 00193368 

T milibar 01000 0750062 1400 0401475 00145038 
Tin HzO 0246081 186826 249081 1000 0.0361 
TPS! 889473 517148 685473 278807 1.000 

1ттН;0 0.000806 0.07355 88x16. 003037 00014223 


Measurement Process 


*A measurement process is a set of 
operations used to determine the value of 
a quantity (ISO 9000:2000, point 3.10.2) 


http://www.iso.ch. 


Measurement Standards 


Stondords of Practice. 
(Protocol Standards) 


Standards Users 
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Table 1. Selected glossa 
мацв олау), 


cof terms on error amd uncertainty (һар 


ww riedul~vwispsi 


icertaintiesfuncertaintiespart2, 


Tem 


Bricî definition 


Absolute error 
Accuracy 


Ave 


Average deviation 
Confidence level 
Deviation 

Error 

Estimated uncertainty 
Gaussian distribution 
Independent variables 


Instrument limit of Error (ILE) 


Least count 
Precision 
Propagation of errors 
Random error 
Relative error 


Standard devi 


Systematic error 


Uncertainty 


“An error in a quantity, having the same units as the quantity. For 

(295 +0.07) ms, the absolute error is 0.07 ms 

How close a measurement is to being correct. g = 9.7 ms 

an g = 9.532706 ms 2. See precision. 

When several measurements of а quantity are made, the sum of the measurements 
divided by the number of measurements, 

The average of the absolute value of the differences betwee 
average. Sec standard deviation. 

‘The fraction of measurements that can be expected to lie within a given range. 

А measure of range of measurements Irom the average, Also called error or unceriainy 

А measure of range of measurements from the average. Also called deviation or 
uncertainty. 

An uncertainty estimated by the observer based on his or her knowledge of the 
experiment and the equipment 

"The familiar bell-shaped distribution, assumed for random errors. Also called normal 
distribution. 

Changi 
assumes this independence. 

Smallest reading that an observer can make from an instrument. This is generally 
smaller than the least count. 

Size of the smallest division on a scale. Typically the ILE equals the least count or 1/2 
ог ИЗ of the kast count 

и figures in а measurement. g 


‘on earth is more accurate 


ch measurement and the 


the value of one variable has no effect on other v 


bles. Error propagation 


The number of sig 9,532206 ms7 is more precise 

g=97ms 

Method of determining an uncertainty in a function of independent variables cach with 
their own uncertainty 

Deviations from the "true value’ can be equally likely to be higher or lower than the 
rue value, See systematic error, 

The ratio of absolute error to the average, х/х, Also called percentage error or 
fractional uncertainty. Sce absolute error 

The statistical measure of uncertainty. See average deviation. 

А situation where all measurements fall above or below the "tue value", To realize 

patie errors is difficult. 

surements from the average. Also called deviation or error. 8 


corect syst 
A measure of range of 


* This is the standardized way of 
making descriptive diagrams 


At the highest level, we are interested in the interconnections of 
process vessels, pipes, and flow paths of process fluids. 

"Big picture" of a process is called a process flow diagram 

At the lowest level, we might be interested in the interconnections 
of individual instruments, including all the wire numbers, terminal 
numbers, cable types, instrument calibration ranges, etc. 

The proper form of diagram for this level of fine detail is called a 
loop diagram. 

Process and instrument diagrams (P&IDs) lie somewhere in the 
middle between process flow diagrams and loop diagrams. 

SAMA (Scientific Apparatus Makers Association) diagrams are used 
for an entirely different purpose: to document the strategy of a 
control system. 

In a SAMA diagram, emphasis is placed on the algorithms used to 
control a process, 


10 


Analogy of Diagrams with Globe, Atlas, 
City Map, Street Map 


Process Flow Diagram 


Level Gauge 


у 
Level gauge. 
a оти 
Е 
| 
cond coli 
CAN 
Process liquid x 


gauge valve 


Bourdon Tube 


RTD (Resistance Temperature 
Detector) 


Instruments in the Field 
| | ІШ | 
т VA 


TIRVTIR 
41 Хаз 


EX 
p 
E 


бедиз физ) * 
d 


Reactor 


Feed in 


"Jacket" 
2? 


Condensate 


Product out 
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Chlorine supply indicating 
РЕ" controler 
prin SP 
Lama ^ 
measurement | 
Врата" | 
Arana Où 
transmitter 
influent дена Efluent 


Mixer 
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Loop Diagram: Compressor surge contar 


Date: Ари. 2005, 


Field process area 


Panel rear 


Panel front 


ex] 
cagate 


GA 
az 


4 
Eus 


SREP PEP PE 


z 
е 
u ES 120vac 
= ста 
s 
Tag number Description. Ошри: eal Notes 
FE 32 Ventun tube 01500 SCFM | 0-100 "WE 
ғтаз ‘Suction fow тапалтак | ооо ис | жата 
FY 42a “Square root extractor азота [4.20 ma 
EY 42b | Cunentio-oressure comener | 420та | злет 
GZA /Anti-surge control valve злёрз! | 10055055 pr 
EDT 42 | Biferemial pressure wansmier | 0200 PSI | 204 mA Reverse action 
FIG 42 Ant-surge controler 420 mA 4-20 ma 
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Reverse-Acting versus 
Direct-Acting Instrument 


* Direct-acting instrument 

is one whose output 

signal increases as the 

input stimulus increases. { 
Reverse-acting 

instrument is one whose + 
output signal decreases 
as the input stimulus 
increases 

What is the advantage of 
using reverse-acting 
instrument? 


Advantage of using reverse- 
acting instrument 


* A decreasing current signal will be interpreted by the 
controller as a high differential pressure. If any wire 
connection fails in the 4-20 mA current loop for that 
transmitter, the resulting O mA signal will be naturally 
"seen" by the controller as a pressure over-range 
condition. 

This is considered dangerous in a compressor system 
because it predicts a condition of surge. Thus, the 
controller will naturally take action to prevent surge by 
commanding the anti-surge control valve to open, because 
it "thinks" the compressor is about to surge. In other 
words, the transmitter is intentionally calibrated to be 
reverse-acting such that any break in the signal wiring will 
naturally bring the system to its safest condition. 


SAMA Diagram 


* Scientific 
Apparatus Makers ж-. 
Association, (EL) Flow transmitter 
referring toa 
unique form of 
diagram used 
primary in the 
power generation 
industry to 
document control 
strategies. 


PID controller 


T 


FCV | Flow control valve 


* A cascaded control 
system, where the 
output of one O FT ) Flow transmitter 
controller acts as 
the set point for 
another controller > 
to follow, appears 
in SAMA diagram 
form like this: 


А | "LA. 
т 


PID controller 
р] t 1 


= 


FCV \ Flow control valve 


Fail open Fail closed 
CX 
for) (or) 
FO FC 
Fail locked Fail indeterminate 
ES ас 
Lg for) 
FL 


Fail lastidrift open 


E Rd С 


FLIDO 


Fail lastidrift closed 


ЕТЕ 


Ерос 
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* FC-135 
* 12-FC-135 
* 12-FC-135A, 12-FC-135B, 12-FC-135C 


Line Symbols 
(according to ISA 5.1 
Standard) 


ISA: Instrument Society of America 


7.5.1 Line types 


Instrument supply 


or process connection 
Process flow ine (impulse line) 


Waveguide Undefined 
Pneumatic signal Pneumatic signal 

(continuous) (discrete — on/off) Capillary tube Hydraulic signal 
Electric signal Electric signal 

(continuous) (discrete — on/off Data link Data link 

Е Me (system intemal) (between systems) 
(or) (or) e d 
HH E a 
Mechanical link Radio link Sonic or other wave 


RÀ 65 жж “ж 


Reference: ISA 5.1 


7.5.2. Process/ Instrument line connections 
Generic Threaded Socket welded 
Flanged Heat/cool traced (direct) Welded 


Reference: ISA 5.1 


7.5.3 Instrument bubbles 


Mein control panel Main control panel Aullary control рапа Auukllary control panel 
АВ mourted Tront-mountea Taar-mounted таптала "ear mounted 
Discrete b ез 
instruments ( EI 
Shared 5 5 
instruments Е 
Computer / 
function = 
Logic és 


Reference: ISA 5.1 


7.5.4 


Valve 
(generic) 


Ра 


Process valve types 


Ball valve 


Gate valve 


Saunders valve 


el 
ы 


Characterized 
ball valve 


Pneumatic pinch valve 


D 


Three-way valve 


Pressure regulator 


Ball check valve 


Pressure relief 
or safety valve 


>» 


Reference: ISA 5.1 


a 0 [5] 
d 

ie : 
EN Lin | 
zs 
E B, 


Reference: ISA 5.1 


7.5.8 Process equipment 


Pressure vessels Centrifugal Positive-displacement 
Ре pump pump 
Dual-stage Rotary 
Single-stage reciprocating Screw Motor-driven fan 
reciprocating compressor compressor 
compressor Wa 
= M 
or о о Lu] 
Turbogenerator Turbocompressor 
с e m 


Shelkandiube jacketed vessel 


Mixer Conveyor belt heat exchanger 


M ео 


7.5.9 SAMA diagram symbols 


PID controllers Pl controller D-PI controller PD-1 controller 
D P|D 
Ро [К] [№ P[I A А 
Р[1 1 
Characterized 
Manual adjust Manual transfer Control valve Control valve 
Automatic Manual Control valve 
function function wi positioner Indicator 


смо 


Transmitter | Time delay summer Square root Characterizer 


С) ' Е Т тај 


78.10 electrical diagram symbols 
| k 
i 4 І Т 
Fuse Fuse Сиси breaker Cicuitbreaker 
(600 V or less) (> 600 V) (600 V or less) (> 600 V) 
| 4 4 А 
| Й 
{ Y Y 
pm Draw тано 
ias henter сай breaker circuit breaker 
(6o0Vertess) “вом 
| 
y di | 
| T Q 
Lightning Contactor Generator Motor 
Tarome Tansomes Vario m 
ийите пы 
(alternate symbol) Pm 
1 | | | 


4 SCR VED 


Rectifier Inverter DC motor dive AC motor drive 


Reference: ISA 5.1 


о © ® е 


Voltmeter Ammeter Wattmeter Frequency meter 
| 
© ^ 
Phase meter VAR meter Lamp Kilowatt-hour meter 
| 
m ZE © 
KiloVAR-hour meter Current Potential Synchronization 


transformer transformer meter 


Identification 
Tags 


Position or Dimension. 


Letter Table Modifier 
А ‘Analytical (composition) 
B Burner or Combustion 
с User-defined 
D User-defined Differential 
E Voltage 
F Flow Ratio or Fraction 
с User-defined 
H Hand (manual) 
I Current 
1 wer Scan 
K Time or Schedule Time rate okchange 
L Level 
M User-defined Momentary 
N User-defined 
o Treer-defined 
[СР Pressure or Vacuum 
q Quantity Thine Integral or Toral 
R Radiation 
5 Speed or Frequency Safety 
T Temperature 
[0 Nulti-function 
ГУ Vibration 
TW Welgli or Force 
Lx Unclassified 
[E Event, State, or Presence 
| 


References 


"Commonly Used Electrical Symbols", Eaton Electrical 
Inc., Eaton Corporation, Moon Township, PA, 2005. 
Instrumentation, Systems, and Automation Society 
Standards, 5.1-1984 (R1992), Instrumentation 
Symbols and Identification, Research Triangle Park, 
NC, 1984. 

Lipt’ak, B’ela G., Instrument Engineers’ Handbook - 
Process Measurement and Analysis Volume I, Fourth 
Edition, CRC Press, New York, NY, 2003. 

Lipt’ak, B’ela G., Instrument Engineers’ Handbook - 
Process Software and Digital Networks, Third Edition, 
CRC Press, New York, NY, 2002. 


Control Room & 
Field Instrumentation 


урса] SINO: 


Tp Control 


Typical Control 


Typical Control 


Dp Control 


Categorization/Provisions of 
Control Room Instrumentation 


* Indication panels 

* Alarm panels 

* Control panels 

* Emergency trips 

* Manipulation/programming consoles 
* Visualization/trending consoles 


Typical Field Areas 


* Solar Panel Manufacturing Plant 


= | 


Field Instrumentation в, 


Bourdon tube 
pressure gauge 


Field Instrumentation o 


Bourdon tube 
pressure gauge 
with isolating diaphragm 


Fill fluid 
Pointer Е Н 


-— Isolating diaphragm 


Pressure Transmitter installed on a water line 


Ball Valve Fitted on the Line 


Control Fitting 
— Бл 
== шш 
=: = 


Control Tubing: A Field View 


Control Wiring: A Field View 


Indicators 


Temperature Temperature 
pu 


transmitter 


Recorder Charts 


Annunciator Panel 


Inside the Annunciator 
Panel 


PUMPINC UNIT 
404 


Inside the Annunciator 
Relay Module 


Errors in Measurement 
Lecture # 8 


Measurement Chain 


Process 


Sensor H> Transducer fr) Converter >| Computer >| Indicator 


Nonelectrical measurand Computer output signal 


Standardized digital signal 


Standardized analog electrical signal 


Electrical measurement signal 


Errors in Measurement 


la ES 
If the measurement system has the general structure given 
in Figure 1, the following errors may appear for a general 


measurement task: 


input error 

sensor error 

signal transmission error 1 
transducer error 

signal transmission error 2 
signal transmission error 3 
computer error 


. 

. 

. 

. 

. 

e converter error 
. 

. 

e signal transmission error 4 
. 


indication error. 


Error Classification 


* Engineering classification 
- Systematic error 
- Random error 
* |SO classification 
- Type A 
- Type B 


Type A & Type B Errors 


Type A uncertainty in the measurement result is expressed 
as a deviation evaluated by the method of statistical analysis 
from a series of observations. 

Type B uncertainty in the measurement result is expressed 
as a deviation evaluated by methods other than the statistical 
analyses of series of observations. 


* For TYPE B: Manufacturer's data may 
be used 


Propagation of Error: 
Addition/Subtraction 


1 Addition or Subtraction 


If Q is some combination of sums and differences, i.e 


NS +. +2) (0 


then 


69 = V (Pa + (HP + + (бе)? + (Ox)? + (бу)? ++ (62) @) 


In words, this means that the uncertainties add in quadmture (that's the fancy math word for the 
square root of the sum of squares). In particular, if Q = a +b or a — b, then 


50 = Var GU © 


Propagation of Error 


Example: suppose you measure the height H of a door and get 2.00 0.03 m. This 
H = 2.00 m and SH = 0.03 m. The door has a knob which is a height № = 0.88 + 0.04 m from the bottom 
of the door. Then the distance from the doorknob to the top of the door is Q= Н — = 112 m. What 


cons that 


is the uncertainty in Q? Using equation (3). 


8Q = VHP ORF а) 
= (бл m)? + (001 m}? (5) 
= V0.0009 m? + 0.0016 m? (6) 


voon 0.05 m. @) 


2-142005 m. 


Propagation of Error: 
Multiplication/Division 


2 Multiplication or Division 


(12) 


59 


jay pay? 8e0 (бал? (du)? da)? 
Шз ы уын] ^ 
that the fractional uncertain in quadrature, In pr it is usually 
Е the uncertainties into percentages boto re applying the г 


What t 
simplest to convert 


Propagation of Error 


03 m during a time ¢ = 20.0 + 1.2 s. The average speed of 
icertainty of v? 


Example: a bird flies a distance d 
the bird is = d/t = 6 m/s. What is 


(14) 


(15) 


(16) 
(17) 


= (6.5%) 
(6 m/s)(6.5%) 


= 0.39 m/s 


Limits of an Error 


Pre-Calibration Calculations 


Example Problem 


Flow rate| Ap Current Angle of 
.meti 
m + D.P. meter "| РА convertor | Meter + needle on 


dial в 


Example Problem 


Flow rate| А Current. 
$ ОР. meter РЫ PA convertor! >| Meter s Angler 
a І needle оп 
dial ө 


The equations for each sub system in the above system is as follows. 


Flow meter Ap =2 x 106 Q2 where p is in bar and Q is n8/s. 
P/I converter 1= 20 Др where I is mA and p is in bars. 
Ammeter Ө = 141 where Ө is in degrees and I in mA. 


Calculate the output angle if the flow rate is 0.0004 m/s. 


Example Problem 


Flow гав] | ар [Current Angle of 
ЗОР. meter n > ue 
2 | Р convertor ==) Meter | „рш, 
dial ө 


‘The equations for each sub system in the above system is as follows. 


Flow meter Ap =2 х 106 Q2 where p is in bar and Q is m3/s. 
P/I converter 1-20 Ap where I is mA and p is in bars. 
Ammeter 0 = 141 where Ө is in degrees and I in mA. 


Calculate the output angle if the flow rate is 0.0004 nr /s. 


SIEPI 
Calculate the differential pressure. 
Ар-2х 106 02 =2x 106 (0.0004); 


STEP2 
deulate the current 
20Ap = 20x 032 


64mA 


STEP 3 
Calculate the angle of the needle on the dial. 
9- 1401 = 14 x 6.4 = 89.69. 


Practice Example 


Angle of 
Temp | thermo | тУ ту needle on dial 
180%] couple » Amplifier + атте ө 
Thermocouple З mV per °C. 
Amplifier gain 5 
Meter 0.029 per mV 


(Answer 54°) 


Practice Example 


An LVDT output is amplified and connected to a chart recorder. The block diagram is shown. 
Calculate the output movement of the chart recorder pen. The equations for the sub- systems are 


LVDT 
‘Amplifier 2 
Chart recorder — x97 5 mm/V 


input 


mavernent 
movement) yor LOS) ampitier |Vots,| Chat [of pen 
Xi 12 тт recorder. Xo 


(Answer 48 mm) 


Lecture # 9-10 
Calibration 


Calibration chain and 


tracaahilitw 


National Standard 
Organization 


Standards 
Laboratory 


Company 


instrument 


laboratory 


Process 
instruments 


(Primary reference 
standards) 


(Secondary reference 
standards) 


(Working standards) 


Calibration chain and 
traceability 


lodine-stabilized Inaccuracy 
helium-neon laser Tin 10% 
б Standard (Primary 
ganization standar 
E Spectral Inaccuracy 
lamp 1 107 
Standards (Secondary reference 
Laboratory standards) 
Reference grade Inaccuracy 
gauge blocks 1 108 
‘Company instrument (Working standards) 
laboratory 
Standard Inaccuracy 
gauge blocks 1 105 
Process 
¡penis 
Shop-floor Inaccuracy 
micrometer tin 104. 


UJ 


. Dedicated use of шешеп. for 


. Environmental control 
. Compensating if calibrated 


Control of calibration 
environment 


calibration only 


update/modification of calibrating 
staff/personnel 


Calibration Record Sheet 


Туре ot instrument: 


Company serial number: 


Manufacturers part number: 


Manufacturer's serial number: 


Measurement limit: 


Date introduced: 


Location: 


Instructions for uso; 


Calibration frequency: 


Signature of person responsible 
for calibration: 


CALIBRATION RECORD. 


[Calibration date: 


Calibration results 


Calibrated by. 


Instrument Calibration: 
Rationale 


* Every instrument has at least one input and one output. 

- For a pressure sensor, the input would be some fluid 
pressure and the output would (most likely) be an 
electronic signal. 

- For a loop indicator, the input would be a 4-20 mA 
current signal and the output would be a human- 
readable display. 

- For a variable-speed motor drive, the input would be 
an electronic signal and the output would be electric 
power to the motor. 

* Calibration and ranging are two tasks associated with 
establishing an accurate correspondence between any 
instrument's input signal and its output signal. 


Dial Gauge 


Stand 


Stand Clamp. 


Workpiece 


Base 


Flat Surface 
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Instrument Calibration- 


Fvamnla 


Enti tack 
Steam drum water level control 


system for an industrial boiler AS 


Level vansmnter 


i 
[o] 


Alroperstsa 
[1 
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Талаа ан signal TT "Coniller oup simal pressure 
TPST î (Empty БЕСІ 
"PSI 35% PST 
TPT 3 SIST 
та PSI TZ PST 
15 PSI Той, (FA 35 PST TOK (Fully орен} 


Instrument Calibration: 


Fvamnla 
Exhaust tack 
Steam drum water level control 
system for an industrial boiler AS 


Steam 


Level transmitter 


EI 


“шт 


Level 
Indicating |4 
Controller 


Air-operated 
control valve 


Foedwater 4 


Instrument Calibration: 
Example 2 


Analytical 
indicating 
controller 


Chlorine supply 


Motor-operated 
contiol valve 


i 


ЕТЕ 
Є e: 
m 
conser ( AT ) 
Influent БЕ! contact. [SE od 


Mixer 


Instrument Calibration: 
Example 2 


Chlorine supply 


E 
Analytical Cle 
wis (AT 
Contact =. 
Influent Chamber Effluent 
Tmt siera curent — Chlorine concentration 
TUE GUpursRg TUE CHE RT 
m D Г duty 4m OSE (no chlorine]: 
FIA 5 ma Ж 
шх Im 
Tou 16 mA 
жыл ze 20 mA 100% (Full concentration) 


Class Quiz 


* A circuit requirement for a resistance 
of 550 is satisfied by connecting 
together two resistors of nominal 
values 220 and 330 in series. If each 
resistor has a tolerance of + 2%, 


what is the error (absolute and in 
percantana) in tha total racictance 
thus“ = V (0.02 x 220)? + (0.02 x 330)? = 7.93 


S = 5502 + 7.930 or S = 550 (1£0,0144)Q, іе. 5 = 5509 41.4% 


Calibration versus re- 
ranging 


* To calibrate an instrument means to check and adjust (if 
necessary) its response so the output accurately 
corresponds to its input throughout a specified range. 

* One cannot perform a true calibration without 
comparing an instrument's response to known, physical 
stimuli. 

* To range an instrument means to set the lower and 
upper range values so it responds with the desired 
sensitivity to changes in input. 

- For example, a pressure transmitter set to a range of 
0 to 200 PSI (0 PSI = 4 mA output ; 200 PSI = 20 mA 
output) could be re-ranged to respond on a scale of 0 
to 150 PSI (0 PSI = 4 mA; 150 PSI = 20 mA). 


Calibration versus Re- 
Ranging 


Transmitter air signal pressure. | Steam drum water level 
3 PSI 0% (Empty) 
6 PSI И 
9 PST 
12 PSI 75% 
15 PST 100% (Full) 


* After Re-Ranging 


Transmitter air signal pressure 


Actual steam drum water level 


3 PST 40% 
6 PSI 45% 
9 PSI 50% 
12 PST 55% 

60% 


15 PSI 


Re-ranging of Analog and 
Digital Sensors/Instruments 


* п analog instruments, re-ranging could 
(usually) only be accomplished by re- 
calibration, since the same adjustments 
were used to achieve both purposes. 

* In digital instruments, calibration and 
ranging are typically separate 
adjustments, i.e. it is possible to re-range 
a digital transmitter without having to 
perform a complete recalibration 


Zero & Span 
Adjustment/Setting 


* The purpose of calibration is to 
ensure the input and output of an 
instrument correspond to one 
another predictably throughout the 
entire range of oper: vw. 


50% 100% 
LRV Input URV 


Zero & Span 
Adjustment/Setting 


ОРУ 20mA 4 


Output 12 mA 4 
current 


y=0.16r+4 
ІРУ  4mA 7 


0 mA 


T 1 
0 PSI 50 PSI 100 PSI 
LRV Input pressure URV 


Zero & Span 
Adjustment/Setting 


* A "zero" adjustment 15 
always achieved by adding 
or subtracting some 
quantity, just like the y- 
intercept term b adds or 
subtracts to the product mx. 


URV 20mA 


Output |; 
Output 12 mA 


LRV ama 4 


ОРЫ so PSE 100 PSI 


LRV Input pressure ПУ“ А “span” adjustment is 
always achieved by 
multiplying or dividing some 
quantity, just like the slope 

у = 0.16r + 4 m forms a product with our 
input variable x. 


Zero & Span Adjustments 


Zero adjustments typically take one or more of the 

following forms in an instrument: 

- Bias force (spring or mass force applied to a mechanism) 

- Mechanical offset (adding or subtracting a certain amount 
of motion) 

- Bias voltage (adding or subtracting a certain amount of 
potential) 

Span adjustments typically take one of these forms: 

- Fulcrum position for a lever (changing the force or motion 
multiplication) 

- Amplifier gain (multiplying or dividing a voltage signal) 

- Spring rate (changing the force per unit distance of stretch) 


Calibration: Example 


Newport Medical Instruments, Inc. 


NEWPORT e360 VENTILATOR 


Table 5-2 Zero Offset Calibration. 


ZERO SETTING 
TRANSDUCER | LCD | tinsp | PRESSURE | TOLERANCE | TUBE COLOR 
D DISPLAY. 
xpior Drive o 300 omHz0 «005 Orange 
Pressure 
xD106 | Machine 2 | 2 040 стн,0 ET Groen 
xoros | Machine 1 | 4 0.00 ems 3005 Clear 
xD102 Arcas | в 0.0 psig ED Yellow 
Supply 
xpios оза | а O0 psig ES Blue 
" 
Table 5-3 Gain Calibration. 
GAIN SETTING 
TRANSDUCER | LCD | tinsp | PRESSURE | TOLERANCE (DESIGN | TUBE 
1 DISPLAY ATION | COLOR 
хро? Dive 1 то отно ЕТІ Bottom | Orange 
Pressure | Pot | 
xpi [Maine | з DE 210 Bottom | Green 
| Pot | 
xD105 | Machine 1 110 отно z10 |topPort | Gear 
xp102 Ar Gas 25 psig 20.1 Тор Pont | Yellow 
хюа O2Gas | 9 25 psig a01 |Top Pon | Bue 


em 


Damping adjustments 


* Imagine a pressure transmitter 
sensing water pressure at the 
outlet of a large pump. The flow 
of water exiting a pump tends to 
be extremely turbulent, and any 
pressure-sensing device 
connected to the immediate 
discharge port of a pump will 
interpret this turbulence as 
violent fluctuations in pressure. 

* This means the pressure signal 
output by the transmitter will 
fluctuate as well, causing any 
indicator or control system 
connected to that transmitter to 
register a very "noisy" water 
pressure: 


Noisy" signal 


ей 


Time — 


The vast majority of modern 
process transmitters (both analog 
and digital) come equipped with a 
feature known as damping. 

This feature is essentially a low- 
pass filter function placed in-line 
with the signal, reducing the 
amount of process "noise" 
renoarted bv the transmitter. 


Why Low Pass Filter? 


* Since this noise is of a much greater 
frequency than the normal cycles of 
pressure in a process system, it is 
relatively easy to reduce the amount 
of noise in the transmitter signal 
simply by filtering that electronic 
sianal usina a low-pa 
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How Much Damping? 
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Undamped signal 
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Over-dampedsignal £ 


Pressure 
signal 


Time > 


Over damping might be misleading! 


URV and LRV Settings of Digital 
Instruments: Digital Trim 


"Smart" pressure transmitter 


Range adjustments. 
LRV URV 
Trim adjustments. 
Low High 


Trim adjustments. 
Low High 


4-20 тА 


(ADC) (DAC) 


Compared with Analog Transmitter 
Calibration 


Analog pressure transmitter 


Calibration adjustments 
Damping Zero Span 


(Bias) 


Accounting Tor 
Imperfections 
due to Ageing 


"Smart" pressure transmitter 
am uri 


_ Trim adjustments D sam adjustments 
ЕТІ Low High 


100 PSI 
applied Mi 
pressure 


19.36 mA 


X (ADC) 96.00 FSI 19.36 ma (АС) 


Error! digita value digital value 


Calibration of 
pressure measuring 
instruments 
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Bourdon tube — 


Calibration of pressure 
measuring 
instruments 
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Calibration Sequence A 


* The calibration sequence designated by A for the 
accuracy class < 0.1 prescribes three loadings 
up to the full scale value, to be completed prior 
to the actual measurement series. 

* The maximum pressure is held for at least 30 
seconds and is then completely released again. 

* Over the course of the first measurement series, 
nine measuring points evenly distributed over 
the measuring range are measured by gradually 
increasing the pressure from "low to high" 


Calibration Sequence A 


Sequence A 


p q FS 


TE 


) 


M2 


2 minutes 


L Zero-point adjustment 


L Pre-load 1... M6: measurement 


Additional rep 


series 
eated measurement during 2nd setting 


M5 M6 


Calibration Sequence A 


The zero point counts as the first measuring point, but is 
only included in the statistical evaluation if it is free- 
moving, i.e. if the pointer movement is not limited by a 
stop pin. 

The pressure must be increased at such a low rate that 
the intended measuring point is not exceeded, since 
due to hysteresis, this could lead to a falsification of the 
results. 

The value reached is read after a holding time of at 
least 30 seconds. 

In the second measurement series, the same measuring 
points are measured from "top to bottom" starting with 
the maximum pressure. 


Calibration Sequence A 


* With tube pressure gauges, the housing should 
be given a light knock prior to reading in order 
to minimize friction effects on the movement. 

* The final value at the last test point is also read 
and documented after 30 seconds. 

* After two minutes at constant pressure, this 
value is read a second time. 

* With tube pressure gauges, the maximum 
pressure should even be held for five minutes. 


Calibration Sequence A 


* |n the second measurement series, the same 
measuring points are measured from "top to 
bottom" starting with the maximum pressure. 

* At the end of this first measurement cycle, the 
zero point is measured. For this, the instrument 
should remain depressurized for two minutes. 

* Calibration sequence A requires that the 
described cycle of increasing and decreasing 
the pressure by degrees is repeated once. 


Calibration Sequence B 


* There are only two preloads up to the 
maximum value, and the third 
measurement series ends shortly after the 
pressure has reached the maximum value. 

* From there, the pressure is discharged 
immediately down to the zero value 

Sequence B 


M1 M2 M3 


Calibration Sequence C 


* Calibration sequence C can be applied to 
pressure measuring instruments of accuracy class 
> 0.6. 

* |t only requires one preload up to the maximum 
value and only one measurement series, which, 
including the zero value and the maximum value, 
consists of five measuring points and in which the 
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Sequence C 
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Readings. 


Assignment # 3 


* Calibration procedures on 
- Temperature 
= Level 
- Flow 
- Chemical concentration 


Useful Links for information 


WEIGHTS AND MEASURES 


Laboratory Homepage Calibration Procedures 


Division Homepage. 
About own + frs 


Programs — surements by John K Taylor and Hey. 


Useful Links for Research 
Ideas 


SENSOR SCIENCE DIVISION | 


NEWS 


Useful Links for Research 
Ideas 


Acceleration, Vibration, and Acoustics | 


Flow Sensors 


What is most important about flow 
measurement? 


Selecting Flow Sensors 


* |sthe measurement for a process control application, where 
repeatability is the major concern, or for accounting or 
custody transfer, where high accuracy is important? 


Controler, 


Бока converter 


Selecting Flow Sensors 


Is the measurement for a process control application, where 
repeatability is the major concern, or for accounting or 
custody transfer, where high accuracy is important? 

Is local indication or a remote signal required? If a remote 
output is required, is it to be a proporti nal signal, or a 
contact closure to st: 


Selecting Flow Sensors 


Is the measurement for a process control application, where 
repeatability is the major concern, or for accounting or custody 
transfer, where high accuracy is important? 


Is local indication or a remote signal required? If a remote output 
is required, is it to be a proportional signal, or a contact closure 
to start or stop another device? 


Is the liquid to be measured clean, viscous, or a slurry? 
Is the liquid to be measured electrically conductive? 


What is the specific gravity or density of the liquid to be 
measured? 


What flow rates are involved in the application? 
What are the process's operating temperatures and pressures? 


What accuracy, range, linearity, repeatability, and piping 
requirements must be considered? 


Choice of Flow 
Measurement Svstem 


Type Of Fluid 
y 
y Y 
Gas Liquid Steam 

x Conlara 
Low Pressure (Sand, Water, Scale, Salt, Additives) 
High Pressure "828 Content of Cr 

+ Corrosiveness/Erosiveness 
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Mass Flow Concept 


* One of the fundamentals of physics is that 
mass is a conserved quantity. 
- It cannot be created or destroyed. 
- In the absence of sources or sinks of mass, its 


quantity remains constant regardless of 
boundaries. 


- However, if there is influx or outflow of mass 
through the boundaries, the sum of influx and 
efflux must be zero. 


* Whatever ma 


must go out 
dM in М dM ou 9 


dt dt 


Flow Measurement (contd.) 


* A good method for measuring flow would be 
by somehow marking the flowing medium and 
detecting the movement of the mark (e.g. 
dye) 

*|n medicine, a dye dilution method of flow 
measurement is used for studies іп 
hemodynamic 

* However, placing any foreign material into the 
flowing medium may be either impractical or 
forbidden for some other reasons 


Flow Measurement (contd.) 


* An alternative would be to change 
some physical properties of the 
moving medium 

* The best physical property that can 
be easily modified without causing 
undesirable effects is 


Temperature 


Anemometers 


CUP ANAMOMETER 


Thermal Anemometers 


* The amount of heat removed from a 
heated temperature sensor by a 
flowing fluid can be related to that 
fluid's velocity 

* Commonly applied to air velocities 
from 50 to 12,000 feet per minute 


* Better at low airflow measurements 
than differential pressure types 


Thermal Anemometers 


For measurements of turbulence levels in wind tunnels, flow 
patterns around models, and blade wakes in radial compressors. 
The key element of this sensor is a heated wire having typical 
dimensions 0.00015-0.0002 in. (0.0038-0.005 mm) in diameter 
and 0.040-0.080 in. (1.0-2.0 mm) in length 

Warming up the wire by electric current to 200-300C, well above 
the flowing media temperature and then measuring temperature 
of the wire. 

Makes the sensor little sensitive to the media temperature and 
thus no media temperature compensation is required. 

Under the no-flow condition, temperature of the wire will be 
constant, but when the media flows the wire will be cooled. 

The stronger the flow the stronger is the cooling. 

The advantage of the hot wire and hot film probes is in their fast 
speed responses; they can resolve frequencies up to 500 Hz. 


Thermal Anemometers 


* Two methods to control temperature and 
measuring the cooling effect: 
- a constant voltage and 
- a constant temperature 

* Constant Voltage Method: reduction in the 
wire temperature is measured 

* Constant Temperature Method: temperature is 
maintained constant at any reasonable flow 
rate by the increase in supplied electric power. 
That power is the measure of the flow rate 


Thermal Anemometers 


“іп a hot-wire anemometer, the wire 
has a positive temperature coefficient 
and thus is used for a dual purpose: 

- to elevate temperature above the media 
temperature (so it will be a cooling effect) 
and 

-also to measure that temperature 
because the wire resistance goes down 
when the wire cools 


Thermal Anemometers 


* Considering the heating current /, the 
wire temperature t,, temperature of 
the fluid t; the wire surface area Aw, 
and the heat transfer coefficient h, 


we can write th^ ^-7'777? equation 
PR, = ВА, (t, =) 


Null-balanced bridge for a 
constant temperature hot-wire 
anemometer 


amplifier 


Hot Wire & Film Probe 
Anemometer 


и 
Gold leaf conductors 


Fig. 11.6 Hotwire probe (а) and a conical hor-film probe (b) 


Advantages of Hot Film 
Sensors 


Better frequency response (when electronically 
controlled) than a hot wire of the same diameter because 
the sensitive part of the film sensor has a larger surface 
area 

Lower heat conduction to the supports for a given length 
to diameter ratio due to the low thermal conductivity of 
the substrate material. 

A shorter sensing length can thus be used 

More flexibility in sensor configuration. Wedge, conical, 
parabolic, and flat surface shapes are available 

Less susceptible to fouling and easier to clean. A thin 
quartz coating on the surface resists accumulation of 
foreign material 


Advantages of Hot Film 
Sensors 


The metal film thickness on a typical film sensor is less 
than 1,000 A ? , thus the physical strength and the 
effective thermal conductivity is determined almost 
entirely by the substrate material. 

Most films are made of platinum due to its good 
oxidation resistance and the resulting long-term stability. 
A better ruggedness and stability of film sensors have 
led to their use for many measurements that have 
previously been very difficult with the more fragile and 
less stable hot wires. 

The hot film probes have been made on cones, cylinders, 
wedges, parabolas, hemispheres, and flat surfaces 


Flow Measurement (contd.) 


*Three-Part Thermo- 
anemometer 


to circuit 
mass equalizer 


y tube 
|] insulator 


thermal 
-conductor 
thermistor 


Three-Part Thermo- 
* The first e daemoamster measures the 


temperature of the flowing medium. The heater 
warms up the medium and the elevated 
temperature is measured by the second 
temperature detector A, . 

* Ina still medium, heat would be dissipated from 
the heater through media to both detectors. 

* па medium with a zero flow, heat moves out 
from the heater mainly by thermal conduction 
and gravitational convection. 


Three-Part Thermo- 
anemometer 
*The higher the rate of flow, the 
higher the heat dissipation and the 


lower the temperature that will be 
registered by the R, detector. 


* Heat loss is measured and converted 
into the flow rate of the medium. 


* King's Law 


Three-Part Thermo- 
anemometer 


[22 pc dv 


sou (isy - 


| (Ts — To) 


* where k and c are the thermal conductivity and 
specific heat of a medium at a given pressure, 
p is the density of the medium, | and d are the 
length and diameter of the sensor, respectively, 
Т; is the surface temperature of the sensor, То 
is the temperature of the medium away from 
the sensor, and v /5 the velocity of the medium 


Three-Part Thermo- 
anemometer 


* Collis and Williams experimentally proved that 
King's theoretical law needs some correction. 


* For a cylindrical sensor with 


l/d $1 A 
a modified King's elizion yields the velocity 
of the medium 


Three-Part Thermo- 
anemometer 


OK (dQ 1 E 
(25% dt T, — To 


1Q 
wal? 
dt 


Three-Part Thermo- 
anemometer 


* The equation suggests that two methods of 
measurement are possible. In the first method, 
the voltage and resistance of a heating element 
is maintained constant. 
Whereas the temperature 
differential (7; — To) 
is used as the output signal. 
In the second method, the temperature 
differential is maintained constant by a control 
circuit which regulates the heater's voltage e. /n 
the latter case, e is the output signal. 


Constant-Current Anemometer 
Circuit 


Large resistance 
Variable. 
resistor Constant: 
current. 

supply 


Constant-Current 
Anemometer Circuit 


Large resistance 
Variable. 
resistor Constant: 
current. 

supply 


Constant-Voltage Anemometer 
Circuit 


Three-Part Thermo- 
anemometer 
* While designing thermal flow sensors, 
it is important to assure that the 
medium moves through the detectors 


without turbulence in a non-laminar 
well-mixed flow. 


* The sensor is often supplied with 


mixing grids ог tur mano E 
which sometimes $ ПЕ 
j Ro Rs 


equalizers 


nii 


heater 


Three-Part Thermo- 
Thermal «ade moemeker more sensitive 


than other types and have a broad dynamic range. 
They can be employed to measure very minute gas 
or liquid displacements as well as fast and strong 
currents. 

Major advantages of these sensors are the absence 
of moving components and an ability to measure 
very low flow rates. 

If a small-diameter tubing is required, as in 
automotive, aeronautic, medical, and biological 
applications, sensors with moving components 
become mechanically impractical. 


Dynamic Wind Vector Indicator (using Drag 
Force) 


‘exile. 
beam 


vvv vvv 


LAI 


drag element 


4 Wind-vector indicator measures the magnitude and direction of flow velocity in terms of the drag force, F; exerted on 
a hollow sphere. 


neo a (6140 
rag coefficient of body, A = projected area of body, p = density, and У = flow velocity. 


where C, = dr 


02 А 3-axis forces sensor is used to determine force along x. y, and z direction of a wind- 
vector indicator. When wind flows with velocity of 60 ш in x direction forces reading displays 
10 N, O N, and O N along x, y, and г axis respectively. Determine magnitude and direction of 
wind when forces reading displays 5 N, 8 N, and -2 N along x, y, and z axis, Assume wind mass 
density is constant 


Solution. 
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Pressure Gradient 


*A fundamen eG nique, mechanics is 
Bernoulli equation which is strictly applicable 
only to steady flow of  non-viscous, 
incompressible medium 


1 
р+р (5 я vi +gy ) = const 
where p is the pressure ir. 
y is the height of the medium's displacement. 

* Bernoulli's equation allows us to find fluid 
velocity by measuring pressures along the 
flow. 


Bernoulli equation 


2g 


absolute static pressures at points A and B, respectively 
specific weights 
werage fluid velocities 
g= acc of gravity 
Z4 and Zp = elevations above a given reference level, i.e., Z4 — Zp is the 
head of fluid. 


where Ра and Ра 
Ya and у; 
У, and 


oA 


(a) (6) 


Figure 7.3 Container diagrams (a) the pressures at points A and В are related by the 


Bernoulli equation and (6) application of the Bernoulli in Example 7.3. 
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Bernoulli equation and (6) application of the Bernoulli in Example 7.3. 
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specific weights 
werage fluid velocities 
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Z4 and Zp = elevations above a given reference level, i.e., Z4 — Zp is the 
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Figure 7.3 Container diagrams (a) the pressures at points A and В are related by the 


Bernoulli equation and (6) application of the Bernoulli in Example 7.3. 


The units in Eq. (7.6) are consistent and reduce to units of length (feet in the 
English system and meter in the SI system of units) as follows: 


р (ит?) 
у ТЫ (Мт?) 
V2 _ аи) 


Kinetic energy = EC sms) 7 ft(m) 


Pressure energy = = ft(m) 


Potential energy = Z = ft(m) 


In the fluid system shown in Fig. 7.36 the flow velocity V at point 3 can be 
derived from Eq. (7.6) and is as follows using point 2 as the reference line. 


А ков 
n 


Va = V(2 gh) (1.1) 


Point 3 at the exit has dynamic pressure but no static pressure above 1 atm, 
and hence, P, = P, = 1 atm and у = y. This shows that the velocity of the liquid 
flowing out of the system is directly proportional to the square root of the height 
of the liquid above the reference point. 


The units in Eq. (7.6) are consistent and reduce to units of length (feet in the 
English system and meter in the SI system of units) as follows: 
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Pressure energy = = ft(m) 
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In the fluid system shown in Fig. 7.36 the flow velocity V at point 3 can be 
derived from Eq. (7.6) and is as follows using point 2 as the reference line. 


А о-н 
n 


V = V(2 gh) (1.1) 


Point 3 at the exit has dynamic pressure but no static pressure above 1 atm, 
and hence, P, = P, = 1 atm and у = y. This shows that the velocity of the liquid 
flowing out of the system is directly proportional to the square root of the height 
of the liquid above the reference point. 


Example 7.3 If hı in Fig. 7.3b is 7.5 m, what is the pressure at P,? Assume the areas 
at points 2 and З are 0.48 m” and 0.3 m” respectively. 


Vi= V(2 x 9.8 x 7.5) = 12.12 m/s 
Considering points 2 and 3 with the use of Eq. (7.6) 


B, Y 101.3 kPa. 
ل‎ +0- тга, +0 
98kN 2x98 98kN — 2x98 


(7.8) 


Using the continuity Eq. (7.3) and knowing that the areas at point 2 and 3 are 0.48m* 
and 0.3 пу, respectively, the velocity at point 2 is given by- 


2.12 m/s =7.58 m/s 


Substituting the values obtained for V; and V; into Eq. (7.8), gives the following: 
se 
LU 
98 2x98 9.8 2x9.8 
P, 2146 kPa(a) = 44.7 kPa (g) 


Common Flow Meters 


* Orifice meter 
* Venturi meter 
* Rota meter 


* Pitot tube 


Orifice Plate Based Flow 
Metering 


* An orifice plate is thin plate with a 
hole in middle which helps to 


Orifice Plate Based Flow 
Metering 


Sharp edged orfice plate with a coefficient of .61 


Vena 
contracta 


This area is 61% of 
the area of the hole in 
the orfice plate 


Vena contracta is the point in a fluid 
stream where the diameter of the 
stream is the least, and 

fluid velocity is at its maximum 


Venturi Meter 


* When fluid passes through 
converging side its velocity increases 
maximum at throat and and become 
same after passing throat 


Venturi Meter 


Rotameter (Variable Area Flow 
Meter) 


Rotameter (Variable Area Flow 
Meter) 


EQUILIBRIUM 


TAPERED 
METERING 
TUBE 


Rotameter (Variable Area Flow 
Meter) 


Rotameter: Advantages 


* Arotameter requires no external power or fuel, it 
uses only the inherent properties of the fluid, 
along with gravity, to measure flow rate. 

* A rotameter is also a relatively simple device 
that can be mass manufactured out of cheap 
materials, allowing for its widespread use. 

* Since the area of the flow passage increases as 
the float moves up the tube, the scale is 
approximately linear. 

* Clear glass is used which is highly resistant to 
thermal shock and chemical action. 


Rotameter: Disadvantages 


Due to its use of gravity, a rotameter must always be 
vertically oriented and right way up, with the fluid flowing 
upward 

Due to its reliance on the ability of the fluid or gas to displace 
the float, graduations on a given rotameter will only be 
accurate for a given substance at a given temperature. 

The main property of importance is the density of the fluid; 
however, viscosity may also be significant. 

Floats are ideally designed to be insensitive to viscosity; 
however, this is seldom verifiable from manufacturers' 
specifications. 

Either separate rotameters for different densities and 
viscosities may be used, or multiple scales on the same 
rotameter can be used. 


Rotameter: Disadvantages 


* Due to the direct flow indication the resolution is 
relatively poor compared to other measurement 
principles. 

* Readout uncertainty gets worse near the bottom 
of the scale. 

* Since the float must be read through the flowing 
medium, some fluids may obscure the reading. 


Pressure Gradient 
Technique 


Course/Course Code: 


Data Acquisition and Microcontroller 


(MC-546) 
Lecture # 02 
NED University of @ 
сен ДЫ SENSORS AND TRANSDUCERS 
Audio by 


Engineer R Hasan 


Student of Masters in 
Mechanical from NED 
University of 
Engineering and 


о Daf ue 


Course/Course Code: 


Data Acquisition and Microcontroller 
3 (MC-546) 


Lecture # 04 


NED University of @ 
Engineering & SIGNAL CONDITIONING 


Audio by 
Engineer R Hasan 


à Student of Masters іп 
Mechanical from NED 
University of Engineering 
and Technology, Pakistan. 


Pressure Gradient 
Technique 


*A differential pressure sensor is 
positioned across the resistor. When 
moving mass enters the higher- 
resistance area, its velocity increases 
in proportion .,-»,:8 resistance 
incree^^ 


bog D 2 2 
Ар=р = р = Pa, = v) = K 03, (1 = R^) 


= 

| Bi 
va = ——— | Ap. 
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Pressure Gradient 
Technique 


q-&ANAp 


where £ isa coefficient which is determined through calibration 


* An advantage of the pressure gradient 
method is in the absence of moving 
components and use of standard 
pressure sensors which are readily 
available. 

* A disadvantage is in the restriction of 
flow by resistive devices 


Differential Pressure 
Measurement 


* Differential pressure measurement 
sensor technologies can be used for both 
airflow and liquid flow measurements 

* Principle: 

- Pressure drop across the meter is 


proportional to the square of the flow rate 
and 


- Flow rate is found by measuring the pressure 
differential and taking the square root 


Differential Pressure 
Measurement 


* Primary and secondary element 

* Primary element causes a change in the 
kinetic energy, to create the differential 
pressure in the pipe. 

- The unit must be correctly matched to the 
pipe size, flow conditions, and the properties 
of the liquid being measured 

* Secondary element measures the 
differential pressure and outputs the 
signal that is converted to the actual flow 
value. 


Differential Pressure 
Measurement 


Upstream Pressure. 
Measurement 


Downstream Pressure 
Measurement 


LAELIA IA 


Orfice Plate 


Direction of Flow —————> 


Differential Pressure 
Measurement 

Common differential pressure flow 
devices include Pitot tubes and numerous 
other types of velocity pressure-sensing 
tubes, grids, and arrays. 

Pitot tube consists of two tubes that 
measure pressure at different locations 
within a pipe. 

- One tube measures static pressure, usually 

at the pipe wall, and 


- the other measures impact pressure (static 
pressure plus velocity head). 


Pitot Tube Meter 


* When Pitot tube placed in a pipe from which fluid is flowing 
as pitot tube has two tubes one with large diameter having 
holes which measure static pressure . while fluid entering 
small tube on striking become rest kinetic energy 
converted into pressure energy exerted a pressure called 
impact pressure the difference in total pressure minus 
static pressure give pressure differenze which niwa walnrihs 
of fluid by Bernoulli's equa / ZZ 2 


Pitot Tube Arrangement 
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Differential Pressure 


Measurement 

* The faster the flow rate, the larger the 
impact pressure. 

* Pitot tubes are low-cost devices 

* Prone to clogging 

* Only measure flow at a single point and need 
to be installed at the point of maximum flow 

* Changes in velocity profile can cause major 
errors 

* Averaging Pitot tubes have several ports for 
measuring flow at multiple locations makes it 
possible to take changing velocity profiles 
into account 


Differential Pressure 
Measurement 


* To measure 
- water flow, 


- differential pressure flow devices 
typically either measure velocity 
pressure (insertion tube type), or 
measure the drop in pressure 
across a known restriction. 


* Orifice plates, flow nozzles, Venturis, апа 
Pitot tubes are types of restrictions commonly 
used 


